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This  document  is  a report  on  the  hydrocarbon  content  of  1380  individual  surficial 
samples  obtained  from  areas  in  the  vicinity  of  three  proposed  Deep  Water  Port  (DWP) 
Sites  in  the  Gulf  of  Mexico  during  six  cruises  taken  between  1975  and  1978.  The 

one  of  which  was 


samples  were  analyzed  using  2 different  LC-f luorescent  methods 
selective  for  petrogenic  hydrocarbons  and  one  of  which  detected  both  petrogenic  and 
biogenic  hydrocarbons.  Additionally,  nutrient  chemical  analyses  and  microbiologica 
analyses  were  performed  on  sediment  samples  obtained  during  the  first  two  cruises. 


All  data  were  evaluated  statistically  and  discussed  in  terms  of  sources  of  Inputs 
effect  of  season,  and  significance  for  formulating  an  overall  monitoring  program 
for  the  DWP  sites. 


The  results  of  this  study  suggest  that  analysis  for  both  petrogenic  and  biogenic 
hydrocarbons  should  be  undertaken  in  order  to  more  accurately  reflect  the  sources 
of  seasonal  variation  in  hydrocarbon  levels  at  sites  of  interest. 


A method  of  displaying  the  data  is  illustrated  and  discussed.  It  allows  rapid 
comparisons  of  the  hydrocarbon  content  of  sediments  from  the  various  stations. 
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INTRODUCTION 


This  document  is  a report  on  the  hydrocarbon  content  of  1380  indi- 
vidual surficial  sediment  samples  obtained  from  areas  in  the  vicinity  of 
three  proposed  Deep  Water  Port  (DWP)  Sites  in  the  Gulf  of  Mexico.  These 
samples  were  collected  by  personnel  from  the  United  States  Coast  Guard 
Research  and  Development  Center  during  six  sampling  cruises  taken  between 
1975  and  1978.  Two  separate  chemical  methods  were  employed  for  the 
analyses;  one  which  is  selective  for  petrogenic  hydrocarbons  and  one 
which  detects  both  petrogenic  and  biogenic  hydrocarbons. 

The  data  were  evaluated  in  terms  of  answering  the  following  set  of 
questions:  (1)  Is  there  a difference  in  hydrocarbon  content  of  the  sedi- 

ments collected  at  the  three  deep  water  port  sites  during  each  of  the 
six  cruises?  (2)  Is  there  an  identifiable  pattern  in  the  distribution 
of  hydrocarbons  in  sediments  in  the  immediate  vicinity  of  each  of  the 
three  deep  water  port  sites?  (3)  Is  there  an  area  in  the  vicinity  of 
each  of  the  deep  water  port  sites  that  could  serve  as  a control  area  for 
monitoring  purposes?  (4)  Is  there  any  difference  in  the  hydrocarbon  con- 
tent of  water  port  sites?  (5)  Is  there  a seasonal  (cruise)  difference  in 
the  level  of  hydrocarbons  at  the  various  station?  (6)  Is  there  a 
significant  difference  between  the  petrogenic  hydrocarbon  content  and  the 
total  hydrocarbon  content?  (7)  Is  there  a significant  difference  between 
reporting  data  on  the  basis  of  wet  weight  of  sample  vs.  dry  weight  of 
sample? 


MATERIALS  AND  METHODS 


Materials 

All  solvents  were  high  purity  residue-free  solvents  obtained  from 
Burdick  and  Jackson  Laboratories,  Inc. 

The  anhydrous  sodium  sulfate  was  reagent  grade  and  was  prerinsed  with 
n-hexane  prior  to  use. 

All  glassware  was  prerinsed  with  n-hexane  prior  to  use. 

Collection  and  Handling  of  Samples 

All  samples  were  collected  by  U.  S.  Coast  Guard  personnel  under  the 
direction  of  Mr.  Melvin  Light  of  the  U.  S.  Coast  Guard  Research  and 
Development  Center  using  a Smith-Mc Intyre  dredge.  Approximately  200  ml 
of  the  top  one  to  two  centimeters  of  a sediment  sample  was  placed  in  a 
clean  250-375  ml  wide-mouth  glass  jar  and  frozen  at  -20°C.  Samples  were 
maintained  at  this  temperature  until  needed. 

Analytical  Procedures 

Prior  to  analysis,  the  sediment  sample  was  allowed  to  thaw  at  room 
temperature  (approximately  25°C)  and  then  thoroughly  mixed  using  a clean 
teflon  spatula.  Approximately  100  gm  (wet  weight)  of  the  sediment 
sample  was  placed  in  a 250  ml  beaker  and  weighed.  Five  to  ten  gms  of 
anhydrous  sodium  sulfate  was  added  to  the  sediment  and  the  beaker  and 
its  contents  reweighed.  Seventy-five  ml  of  n-hexane  was  added  to  the 
beaker  and  stirred  vigorously.  The  n-hexane  was  decanted  through  a 
powder  funnel  containing  glass  wool  and  anhydrous  sodium  sulfate. 

The  contents  of  the  funnel  were  rinsed  with  25  ml  of  n-hexane  and  the 
combined  filtrates  evaporated  in  vacuo . The  sample  was  transferred  to 
a vial  in  ethyl  ether  which  was  then  removed  under  a stream  of  nitrogen. 

The  residue  was  redissolved  in  a known  quantity  of  chloroform  for  analysis. 

In  order  to  determine  the  dry  weight  of  the  sample,  the  beaker  contain- 
ing the  sodium  sulfate  and  the  extracted  sediment  sample  was  dried  in  an 
oven  at  150°C  for  3-4  hours,  reweighed,  and  the  dry  weight  calculated. 
Analyses  were  performed  using  a Waters  Associates  ALC/GPC-502  liquid  chroma- 
tograph fitted  with  a FS-770  Schoeffel  Fluorometer  and  a Hewlett-Packard 
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Integrator  3380A. 

For  the  determination  of  the  combined  petrogenic  and  biogenic 
hydrocarbons,  analyses  were  performed  using  excitation  at  274  nm  and 
measuring  the  emission  at  370  nm.  Chloroform  was  used  as  the  solvent. 

This  analysis  yielded  a single  peak  caused  by  both  petrogenic  and  biogenic 
hydrocarbons . 

For  the  determination  of  petrogenic  hydrocarbons  only,  the  analyses 
were  performed  using  excitation  at  403  nm  and  measuring  emission  at  418 
nm.  Chloroform  was  used  as  the  solvent.  The  single  peak  obtained  in 
this  analysis  was  caused  by  petrogenic  hydrocarbons  only. 

In  both  cases  the  content  of  oil  in  the  sediment  was  calculated  on 
the  basis  of  a comparison  to  the  area  under  the  curve  obtained  using  a 
known  amount  of  Empire  Mix  crude  oil.  Results  were  expressed  on  the 
basis  of  nanograms  (ng)  of  oil  per  gram  (g)  of  sediment,  either  wet  or  dry. 

Method  of  Reporting  Results 

Throughout  the  remainder  of  this  report,  the  following  abbreviations 
will  be  employed. 

274  Dry  » analyses  performed  using  excitation  at  274  nm,  measuring 
fluorescence  at  370  nm,  and  reported  on  the  basis  of  ng  (nanograms)  of  oil 
per  gram  dry  weight  of  sample. 

274  Wet  ~ analyses  performed  using  excitation  at  274  nm,  measuring 
fluorescence  at  370  nm,  and  reported  on  the  basis  of  ng  (nanograms)  of  oil 
per  gram  wet  weight  of  sample. 

403  Dry  » analyses  performed  using  excitation  at  403  nm,  measuring 
emission  at  418  nm,  and  reported  on  the  basis  of  ng  (nanograms)  of  oil  per 
gram  dry  weight  of  sample. 

403  Wet  - analyses  performed  using  excitation  at  403  nm,  measuring 
emission  at  418  nm,  and  reported  on  the  basis  of  ng  (nanograms)  of  oil  per 
gram  wet  weight  of  samples. 

Statistical  Analyses 

One  way  and  two  way  analyses  of  variance  were  the  principal  methods 
of  statistical  analyses  used  on  the  data.  Duncan's  New  Multiple  Range 
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Test  then  was  used  on  group  means  to  separate  the  group  means  Into  homo- 
geneous subsets.  Also,  some  contrasts  Incorporating  "t-tests"  were  used 
to  compare  some  of  the  site  means. 

Computer  Displays 

The  program  word  for  Che  plots  Is  written  In  Fortran  and  is 
disigned  for  use  with  a Gould  4800  Electrostatic  Fr inter/Plotter . With 
two  minor  changes  It  produces  plots  on  a Calcomp  drum  plotter.  The 
main  function  of  the  program  Is  to  display  an  outline  drawn  by  connect- 
ing a series  of  longitude-latitude  points  (In  this  application,  the  Gulf 
Coast  line  of  part  of  Texas,  Louisiana,  Mississippi,  and  part  of 
Alabama'*  and  display  the  data  relational  In  value  to  the  other  data  and 
relational  in  location  to  the  outline. 

The  three  types  of  displays  for  the  hydrocarbon  levels  within  the 
areas  covered  by  the  plotted  numbers  were  treated  In  three  ways:  (1) 
averaged  and  ranked,  (2)  ranked  and  the  ranked  numbers  averaged,  and 
(3)  the  logarlthlms  of  the  values  averaged  and  the  average  of  the  log- 
arithms ranked. 
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RESULTS 


For  this  study,  sampling  stations  were  established  at  various  loca- 
tions in  the  Gulf  of  Mexico  from  Galveston,  Texas,  to  Pascagoula, 
Mississippi.  These  stations  were  given  identification  numbers  as  illus- 
trated in  Figure  1.  Stations  H-6,  B-6,  and  A-2  were  located  at  Deep 
Water  Port  (DWP)  sites  1,  2,  and  3,  respectively.  Samples  were  taken  at 
all  or  a portion  of  these  stations  during  each  of  six  cruises. 

No  significant  difference  was  observed  in  either  the  petrogenic  or 
total  hydrocarbon  levels  of  sediments  obtained  from  the  three  DWP  sites 
during  cruises  3,  4,  and  6.  Similarly,  there  was  no  significant  dif- 
ference in  total  hydrocarbons  and  no  significant  difference  in  petro- 
genic hydrocarbons  during  cruise  5.  There  was,  however,  a significant 
difference  in  the  petrogenic  hydrocarbon  levels  of  the  sediments  obtained 
from  the  three  sites  during  cruise  1 and  2 as  measured  and  in  total 
hydrocarbons  during  cruise  5 (see  Table  1). 

The  results  obtained  from  the  statistical  comparison  of  the  sediment 
hydrocarbon  levels  of  samples  systematically  taken  in  the  immediate 
vicinity  of  each  of  the  three  deep  water  port  sites  are  given  in  Tables 
2-4. 

The  comparisons  of  the  hydrocarbon  levels  in  the  sediments  from 
fourteen  stations  in  the  immediate  vicinity  of  DWP  site  1 during  each 
of  four  cruises  are  given  in  Table  2.  There  was  no  significant  difference 
in  the  petrogenic  hydrocarbon  levels  of  the  sediments  obtained  from  the 
fourteen  sites  during  cruises  3,  5,  and  6 nor  in  total  hydrocarbons  during 
cruises  3 and  4.  However,  samples  taken  during  cruise  4 and  analyzed 
for  petrogenic  hydrocarbons  were  divided  into  two  significant  groups  with 
a number  of  samples  exhibiting  overlap.  Those  taken  during  cruises  5 
and  6 and  analyzed  for  total  hydrocarbon  were  divided  into  several 
subsets  with  a high  degree  of  overlap. 

The  comparison  of  the  levels  of  hydrocarbons  present  in  the  sediments 
from  13  sites  in  the  immediate  vicinity  of  DWP  site  2 are  given  in  Table  3. 
There  was  no  significant  difference  in  the  total  hydrocarbons  from  the  sam- 
ples taken  during  cruise  3,  but  there  was  a significant  difference  between 
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Che  petrogenic  hydrocarbon  levels  present  in  the  sediments  taken 
during  cruise  3 as  well  as  those  taken  during  cruises  4,  5,  and  6 and 
measured  for  both  petrogenic  and  total  hydrocarbons. 

The  comparison  of  the  levels  of  hydrocarbons  present  in  sediments 
obtained  from  seventeen  sites  in  the  immediate  vicinity  of  DWP  site  3 
(Table  4)  indicated  that  there  was  no  significant  difference  between 
the  hydrocarbon  levels  present  at  the  various  sites  during  cruises  3 
and  4 nor  during  cruises  5 and  6 in  terms  of  petrogenic  hydrocarbons.  A 
significant  difference  was  observed  in  the  total  hydrocarbon  levels  of 
sediments  collected  during  cruises  5 and  6 with  much  overlap  present  in 
samples  taken  during  cruise  5. 

The  levels  of  hydrocarbons  present  in  sediment  samples  obtained  from 
each  DWP  site  during  cruises  1-6  were  contrasted  to  levels  present  in 
similar  samples  obtained  from  two  stations  on  opposite  sides  of  each  of 
the  three  sites  (Table  5) . 

Station  H-5  and  DWP  site  1 (H-6)  did  not  differ  significantly  in  sedi- 
ment hydrocarbon  levels  during  cruises  1,  2,  5,  and  6 but  were  significantly 
different  during  cruises  3 and  4. 

Station  H-7  and  DWP  site  1 (H-6)  did  not  differ  significantly  in 
sediment  hydrocarbon  levels  during  cruises  1,  2,  5,  and  6,  during  cruise 
3 as  measured  on  a wet  basis,  nor  during  cruise  4 as  measured  on  a dry 
basis.  They  differed  significantly,  however,  in  petrogenic  hydrocarbon 
content  during  cruise  3 as  measured  on  a dry  basis  and  in  total  hydro- 
carbons during  cruise  4 as  measured  on  a wet  basis. 

Station  C-l  and  DWP  site  2 (B-6)  did  not  differ  significantly  in 
sediment  hydrocarbon  levels  during  cruises  1,  2,  and  3 but  did  differ 
significantly  during  cruises  4,  5,  and  6. 

Station  B-5  and  DWP  site  2 (B-6)  did  not  differ  significantly  in 
sediment  hydrocarbon  levels  during  cruises  1,  2,  and  3,  during  cruise  5 
as  measured  on  a dry  basis.  During  cruise  6,  they  did  not  differ  in 
petrogenic  hydrocarbon  content  on  a dry  basis,  but  did  differ  significantly 
during  cruise  4.  The  hydrocarbon  levels,  during  cruise  5 as  measured  on 
a dry  basis,  and  during  cruise  6 for  petrogenic  hydrocarbons  on  a dry 
basis  and  in  total  hydrocarbon  content  (both  wet  and  dry  basis). 
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Station  A-l  and  DWP  site  3 (A-2)  did  not  differ  significantly  in 
sediment  hydrocarbon  levels  during  cruises  1,  2,  and  3 nor  in  total  hydro- 
carbon content  on  a wet  basis.  They  differed  significantly  during  cruise 

4 in  petrogenic  hydrocarbons  and  in  total  hydrocarbons  on  a wet  basis. 

Total  and  petrogenic  hydrocarbons  differed  significantly  during  cruise 

5 on  a dry  basis  and  on  both  a wet  and  a dry  basis  during  cruise  6. 

Station  A-3  and  DWP  site  3 (A-2)  did  not  differ  significantly  in 
sediment  hydrocarbon  levels  during  cruises  1 and  3 (on  a dry  basis), 
during  cruise  5 on  a dry  basis  for  total  hydrocarbons,  and  during  cruises 
3 and  6 as  measured  on  both  a wet  and  dry  basis  for  both  petrogenic  and 
total  hydrocarbons.  Total  hydrocarbon  content  differed  significantly 
during  cruises  1 and  3 as  measured  on  a wet  basis,  during  cruise  4 as 
measured  on  both  a wet  and  a dry  basis  for  petrogenic  hydrocarbons  and 
on  a wet  basis  for  total  hydrocarbons;  and  during  cruise  3 as  measured 
for  both  petrogenic  and  total  hydrocarbons  on  both  a wet  and  dry  basis. 

The  results  obtained  from  the  statistical  comparison  of  the  sediment 
hydrocarbon  levels  of  samples  collected  at  stations  other  than  the  three 
DWP  sites  during  each  of  four  cruises  are  given  in  Table  6.  The  presence 
or  absence  of  significant  differences  in  the  hydrocarbon  levels  in  sedi- 
ment samples  from  these  stations  varied  according  to  the  methods  of  analysis 
(petrogenic  vs  total),  the  method  of  reporting  (wet  vs  dry),  and  the  time 
period  during  which  the  samples  were  taken  (cruises  1-6) . 

It  is  evident  from  studying  Table  6,  that  the  2 methods  of  analysis 
(petrogenic  vs  total)  yielded  conflicting  results. 

Samples  taken  during  cruise  3 and  measured  for  petrogenic  hydrocar- 
bons were  divided  into  two  significantly  different  groups  with  the  other 
samples  overlapping.  In  contrast,  there  was  no  significant  difference 
between  any  of  the  samples  as  measured  for  total  hydrocarbons. 

Samples  collected  during  cruise  4 and  measured  for  petrogenic  hydro- 
carbons were  not  significantly  different  with  the  exception  of  the  samples 
collected  at  B-5  which  differed  from  all  other  samples.  The  analysis  of 
these  samples  for  total  hydrocarbons  yielded  three  significant  groups  of 
samples  with  very  little  overlap. 

The  comparison  of  the  cruise  5 samples  measured  for  petrogenic 
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hydrocarbons  yielded  no  significant  differences,  while  two  distinct 
groups  resulted  from  the  comparison  of  these  samples  as  measured  for 
total  hydrocarbons  on  a wet  basis  and  three  distinct  groups  as  measured 
on  a dry  basis.  There  were  a number  of  samples  which  exhibited  overlap 
in  both  cases. 

For  the  samples  taken  during  cruise  6,  all  methods  of  analysis 
yielded  samples  which  were  significantly  different.  However,  the  number 
of  groups  and  subgroups  were  higher  for  total  hydrocarbons  than  for 
petrogenic  hydrocarbons. 

Table  7 contains  the  results  of  a cruise  by  cruise  comparison  of  the 
hydrocarbon  levels  present  in  the  sediments  collected  at  15  stations  along 
the  Gulf  of  Mexico.  It  is  evident  from  this  table  that  the  hydrocarbon 
input  into  the  Gulf  sediments  varies  from  location  to  location.  There 
was  no  significant  differences  between  the  sediment  hydrocarbon  levels 
from  cruise  to  cruise  at  stations  D-5  and  C-2  at  stations  H-7,  E-l,  C-2, 

C— 1,  AS,  A-2,  and  A-3  the  hydrocarbon  levels  differed  significantly  during 
only  one  cruise,  while  at  stations  G-l,  F-8,  B-6,  B-5,  and  A-l  they 
differed  during  two  or  more  cruises. 

The  sample  designations,  the  locations  from  which  the  samples  were 
taken,  and  the  chemical  analysis  data  are  given  in  Table  11  (Appendix  B) . 

The  statistical  analyses  given  above  clearly  indicate  that  there  are 
significant  differences  in  the  sediment  hydrocarbon  levels  at  the  various 
stations  along  the  Gulf  as  measured  on  the  basis  of  petrogenic  or  total 
hydrocarbons  and  that  these  differences  often  vary  from  cruise  to  cruise. 
They  also  indicate  that  there  are  significant  differences  in  the  levels  of 
hydrocarbons  in  the  sediments  at  the  the  DWP  sites.  The  complexity  of 
the  statistical  tables  generated  by  the  various  analyses  makes  it  difficult 
to  quickly  identify  significant  trends.  For  this  reason,  attempts 
were  made  to  display  the  raw  data  in  a manner  which  would  allow  quick  and 
accurate  evaluation  of  the  results. 

The  initial  efforts  at  producing  useful  illustrations  were  not  very 
successful  due  to  the  large  variation  in  the  numerical  values  of  some  of 
the  samples.  It  was  quickly  realized  that  one  or  two  unusually  large 
numbers  could  completely  skew  the  plots  for  a station  causing  the  station 
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Co  appear  to  have  a much  higher  level  of  hydrocarbons  chan  1C  accually 
had  based  on  all  Che  samples.  However,  a discussion  of  chese  significant 
differences  on  a poinc  by  point  basis  Cends  to  obscure  Che  relationship 
between  stations  and  DWP  sites  during  each  cruise  and  on  a cruise  to 
cruise  basis.  Because  of  this,  it  was  decided  that  the  raw  data  would  be 
displayed  by  some  method  which  would  allow  an  observer  to  quickly  evluate 
the  data  and  easily  Identify  any  significant  trends  and/or  relationships. 

It  was  decided  that  the  data  would  be  averaged  and  plotted  at  the 
appropriate  longitude  and  latitude  via  the  computer.  It  was  evident  im- 
mediately that  the  closeness  of  the  plots  required  that  the  number  to  be 
plotted  had  to  be  a single  digit. 

The  first  problem  was  addressed  by  assigning  a numerical  value  of 
1-5  each  of  five  ranges  which  were  believed,  based  on  experience,  to 
approximate  none,  light,  moderate,  heavy,  and  very  heavy  levels  of  hydro- 
carbons. 

The  solution  to  the  second  problem  was  not  as  readily  apparent. 
Therefore,  the  numbers  1-5  which  were  to  be  plotted  were  arrived  at  by 
three  different  methods.  In  the  first  method,  the  values  for  the  hydro- 
carbon levels  of  the  samples  from  a given  site  were  averaged  and  the  ap- 
propriate number  representing  the  range  in  which  the  average  value  fell 
was  then  plotted,  (_i._e.  125  would  receive  a 3 because  it  fell  in  the  101- 
200  range).  In  the  second  method,  the  value  obtained  for  each  sample 
from  a station  was  assigned  a number  (1-5)  representing  its  appropriate 
range.  The  ranked  numbers  were  then  averaged  and  this  average,  rounded 
to  the  nearest  whole  digit,  was  plotted.  In  the  third  method,  the 
logarithims  of  the  values  from  each  sediment  sample  from  a given  station 
were  averaged  and  this  average  logarithm  was  then  ranked  from  1-5  and 
plotted.  Obviously,  the  antilogarithm  of  the  average  does  not  yield  the 
numerbial  average  of  the  data. 

The  results  obtained  by  the  three  methods  of  graphically  displaying 
the  data  obtained  from  the  analysis  of  sediment  samples  from  the  stations 
in  the  vicinity  of  each  of  the  three  DWP  sites  are  given  in  Figures  2-10 
(Appendix  A). 

The  graphic  display  of  the  data  obtained  from  the  analyses  of  sediment 
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samples  obtained  from  stations  along  the  Gulf  from  Galveston,  Texas,  to 
Pascagoula,  Mississippi,  during  six  cruises  (as  measured  for  both  petro- 
genic  and  total  hydrocarbons  and  reported  on  a dry  and  wet  weight  basis) 
are  given  in  Figures  11-22.  (Appendix  A). 


DISCUSSION 


The  objectives  of  this  study  were  (1)  To  compare  the  relative 
sediment  hydrocarbon  levels  at  the  three  DWP  sites  (stations  11-6,  B-6,  and 
A-2) , (2)  To  determine  if  there  are  consistant  identifiable  patterns  in  the 
immediate  vicinity  of  the  three  DWP  sites,  (3)  To  determine  if  it  is 
feasible  to  look  for  a control  site  in  the  general  vicinity  of  the  DWP 
sites,  (4)  To  evaluate  the  relative  distribution  of  sediment  hydrocarbons 
at  stations  between  the  DWP  sites,  (5)  To  determine  if  the  levels  of 
hydrocarbons  present  in  the  sediments  from  the  stations  along  the  Gulf 
vary  from  cruise  to  cruise,  (6)  To  determine  if  there  is  a significant 
difference  between  the  petrogenic  hydrocarbon  content  and  the  total 
hydrocarbon  content,  and  (7)  To  determine  if  there  is  a significant  dif- 
ference between  the  use  of  wet  and  dry  weight  as  a method  of  reporting 
hydrocarbon  levels. 

The  three  DWP  sites  (stations  H-6,  B-6,  and  A-2)  did  not  differ 
significantly  in  the  hydrocarbon  content  of  their  sediments  except  for  site 
2 (B-6)  which  was  higher  during  cruises  1 and  2 (for  petrogenic  hydrocar- 
bons) and  site  1 (H-6)  which  was  higher  during  cruise  5 (for  total  hydro- 
carbons) (Table  1).  The  fact  that  these  differences  occurred  at  different 
sites  during  different  cruises  suggests  that  the  sites  probably  are  not 
subjected  to  the  same  sources  of  hydrocarbon  input. 

The  comparisons  of  the  sediment  hydrocarbon  levels  present  at  sampling 
locations  in  the  immediate  vicinity  of  each  DWP  site  (Table  2-4)  indicated 
that  there  were  significant  differences  in  the  levels  present  and  that  these 
differences  changed  according  to  the  type  of  hydrocarbon  determined 
(petrogenic  vs  total)  and  the  time  of  year  (cruise).  When  these  differences 
were  plotted  at  their  appropriate  longtitude  and  latitude  no  clear  pat- 
tern of  distribution  was  evident.  Therefore,  a figure  illustrating  these 
data  is  not  included.  However,  the  patterns  of  distribution  suggest 
that  with  a more  systematically  designed  sampling  program,  patterns  of 
distribution  which  reflect  local  currents  and/or  sources  of  input  could 
probably  be  identified. 
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The  sediment  hydrocarbon  analyses  from  stations  on  either  side  of 
each  of  the  three  DWP  sites  failed  to  identify  sites  which  were  like  the 
respective  DWP  sites  during  all  of  the  cruises  as  measured  using  either 
petrogenic  or  total  hydrocarbons  (Table  5).  It  is  apparent  that  the 
stations  chosen  for  study  near  DWP  site  1 are  much  more  similar  to  it 
than  are  similar  stations  around  DWP  sites  2 and  3.  Nevertheless,  it 
is  highly  probable  that  adequate  control  locations  could  be  identified 
at  each  DWP  site  with  a properly  designed  program  based  on  the  findings 
to  date. 

The  comparisons  of  the  sediment  hydrocarbon  levels  at  all  stations 
other  than  the  DWP  sites  (Table  6)  indicated  that  there  were  significant 
differences  in  the  levels  present  and  that  these  differences  changed 
according  to  whether  petrogenic  or  total  hydrocarbon  data  were  employed 
and  the  cruise  (time)  during  which  the  samples  were  taken.  For  example, 
there  were  no  significant  differences  in  the  total  sediment  hydrocarbon 
levels  at  any  of  the  stations  during  cruise  3 while  there  were  several 
stations  with  significantly  higher  petrogenic  levels.  The  results  ob- 
tained for  the  cruise  5 samples  were  reversed.  The  use  of  total  hydro- 
carbon data  produced  much  more  variation  and  significant  difference 
than  did  the  use  of  petrogenic  hydrocarbon  data. 

The  cruise-to-cruise  differences  in  the  sediment  hydrocarbon  levels 
at  the  sampling  stations  along  the  Gulf  are  given  in  Table  7.  As 
inidcated  in  this  table,  the  levels  were  relatively  stable  at  the  majori- 
ty of  the  stations,  especially  the  petrogenic  hydrocarbon  levels.  Most 
of  the  samples  which  were  significantly  higher  were  collected  during 
cruise  3 or  cruise  5.  The  highest  degree  of  cruise-to-cruise  variation 
in  hydrocarbon  levels  occurred  at  stations  B-5  and  B-6. 

It  is  apparent  from  examining  Table  8 that  there  are  significant 
differences  in  the  petrogenic  hydrocarbon  levels  and  the  total  hydrocarbon 
levels.  It  is  also  apparent  that  these  differences  vary  from  cruise  to 
cruise. 

An  examination  of  the  ratio  of  one  to  the  other  (to^— ^ ^y.^ro^a^on.3  ) 

petrogenic  hydrocarbons 

would  provide  an  estimate  of  the  degree  of  input  from  each  source  (Table 
9).  A value  of  less  than  1.0  would  suggest  that  the  hydrocarbons  were 
predominately  of  petroleum  origin.  A value  greater  than  1.0  would  sug- 
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gest  that  the  hydrocarbons  were  predominately  of  biogenic  origin,  or 
from  recent  petroleum  sources,  or  both.  The  larger  the  diferential 
on  either  side  of  1.0,  the  more  likely  the  interpretation  will  be  cor- 


rect. 


It  is  obvious  that  the  oil  content  on  a dry  weight  basis  will  always 

be  greater  than  the  oil  content  on  a wet  weight  basis  and  that  for  any 

individual  sa»pU.  tha  ratio  °B  g™  will 

r ng  oil  per  gram  wet  weight  of  sediment 

be  identical  for  both  petrogenic  and  total  hydrocarbon  analyses  since 
they  were  both  performed  on  a single  extract  from  a given  sample.  Of 


course,  there  is  no  moisture  present  in  the  sample  the  ratio  would  be 

1.0. 


The  data  in  Table  10  clearly  indicate  that  the  water  content  of  the 
sediments  from  DWP  1 and  DWP  3 are  similar  and  did  not  vary  appreciably 
from  cruise  to  cruise.  The  samples  from  DWP  2 showed  considerable  vari- 
ation from  cruise  to  cruise  and  on  occasion  were  notably  different  from 
the  samples  taken  from  DWP  1 and  DWP  3. 

The  graphic  displays  produced  using  three  methods  of  arriving  at 
the  numbers  to  be  plotted  allow  a quick  evaluation  of  the  relative  sedi- 
ment hydrocarbon  levels  present  at  the  various  locations  along  the  Gulf 
Coast  (Figures  2-22).  It  is  not  yet  clear,  however,  which  of  the  three 
methods  most  accurately  represents  the  levels  of  hydrocarbons  at  the 
sampling  stations. 

The  averaaged  and  ranked  method  produces  the  most  sites  with  a 
maximum  value  of  five  and  the  widest  variation  in  values  as  indicated  by 
more  3s  and  4s.  This  suggests  that  a few  very  high  numbers  have  too 
great  an  influence,  possible  yielding  plots  which  indicate  a higher 
relative  level  of  hydrocarbons  than  is  actually  present  in  the  area.  The 
ranked  and  the  averaged  method  produces  the  most  2s  and  the  least  5s 
while  averaging  the  logarithms  of  the  values  was  intermediate. 

While  there  is  little  question  that  the  graphic  displays  are  very 
valuable,  further  studies  will  have  to  be  undertaken  to  determine  which 
of  the  3 methods  most  accurately  represents  the  actual  sediment  hydro- 
carbon levels  at  a given  site  and  which  method  is  least  influenced  by 
outside  factors. 
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Figure  2.  Nanagrams  of  biogenic  and  pecrogenic  hydrocarbons  per 
gram  dry  and  wet  weight  of  sediments  obtain  in  the  vicinity  of  DWP 
site  1.  Plotted  numbers  (1-5)  were  obtained  by  averaging  all  the 
data  from  a station  and  assigning  a ranking  to  that  averaged  value. 
Legend:  1—0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  3.  Nanagrams  of  biogenic  and  pecrogenic  hydrocarbons  per 
gram  dry  and  wet  weight  of  sediments  obtain  in  the  vicinity  of  DWP 
site  1.  Plotted  numbers  (1-5)  were  obtained  by  assigning  a ranking 
to  each  data  point  and  then  averaging  the  ranked  numbers  from  the 
same  sites.  This  ranked  average  (1-5)  was  then  plotted.  Legend: 
1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  4.  Nanagrams  of  biogenic  and  petrogenic  hydrocarbons  per 
gram  dry  and  wet  weight  of  sediments  obtain  in  the  vicinity  of  DWP 
site  1.  Plotted  numbers  (1-5)  are  catagorized  according  to  the 
average  of  the  logarithms  of  the  oil  concentrations.  Legend: 
1-0.00;  2-0.001-2.000;  3-2.004-2.301;  4-2.303-2.698;  5- >2.699. 
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Figure  5.  ^anagrams  of  biogenic  and  petrogenic  hydrocarbons  per 
gram  dry  and  wet  weight  of  sediments  obtain  in  the  vicinity  of  DWP 
site  2.  Plotted  numbers  (1-5)  were  obtained  by  averaging  all  the 
data  from  a station  and  assigning  a ranking  to  that  averaged  value. 
Legend:  1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  6.  Nanagrams  of  biogenic  and  petrogenic  hydrocarbons  per 
gram  dry  and  wet  weight  of  sediments  obtain  in  the  vicinity  of  DWP 
site  2.  Plotted  numbers  (1-5)  were  obtained  by  assigning  a ranking 
to  each  data  point  and  then  avaregaing  the  ranked  numbers  from  the 
same  sites.  This  ranked  average  (1-5)  was  then  plotted.  Legend: 
1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  8.  Nanagrams  of  biogenic  and  petrogenic  hydrocarbons  per 
gram  dry  and  wet  weight  of  sediments  obtain  in  the  vicinity  of  DWP 
site  3.  Plotted  numbers  (1-5)  were  obtained  by  averaging  all  the 
data  from  a station  and  assigning  a ranking  to  that  averaged  value. 
Legend:  1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  9.  Nanagrams  of  biogenic  and  petrogenic  hydrocarbons  per 
gram  dry  and  wet  weight  of  sediments  obtain  in  the  vicinity  of  DWP 
site  3.  Plotted  numbers  (1—5)  were  obtained  by  assigning  a ranking 
to  each  data  point  and  then  averaging  the  ranked  numbers  from  the 
same  sites.  This  ranked  average  (1-5)  was  then  plotted.  Legend: 
1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  10.  Nanagrams  of  biogenic  and  peerogenic  hydrocarbons  per 
gram  dry  and  wet  weight  of  sediments  obtain  in  the  vicinity  of  DWP 
site  3.  Plotted  numbers  (1-5)  are  catagorized  according  to  the 
average  of  the  logarithms  of  the  oil  concentrations.  Legend: 
1-0.00;  2-0.001-2.000;  3-2.004-2.301;  4-2.303-2.698;  5-  >2.699. 
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Figure  11.  Nanagrams  of  petrogenic  hydrocarbons  per  gram  wet  weight 
of  sediment.  Plotted  numbers  ware  obtained  by  averaging  all  the 
data  from  a station  and  assigning  a ranking  (1-5)  to  that  averaged 
value.  Legend:  1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  12.  'Nanagrams  of  petrogenic  hydrocarbons  per  gram  dry 
weight  of  sediment.  Plotted  numbers  were  obtained  by  averaging 
all  the  data  from  a station  and  assigning  a ranking  (1-5)  to  that 
averaged  value.  Legend:  1-0;  2-1-100;  3-101-200;  4-201-500; 
5-501-9999. 


Figure  13.  Nanagrams  of  biogenic  hydrocarbons  per  gram  wet  weight 
of  sediment.  Plotted  numbers  were  obtained  by  averaging  all  the 
data  from  a station  and  assigning  a ranking  (1-5)  to  that  averaged 
value.  Legend:  1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  14.  Nanagrams  of  biogenic  hydrocarbons  par  gram  dry  weight 
of  sediment.  Plotted  numbers  were  obtained  by  averaging  all  the 
data  from  a station  and  assigning  a ranking  (1-5)  to  that  averaged 
value.  Legend:  1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  15.  Nanagrams  of  petrogenic  hydrocarbons  per  gram  wet  weight 
of  sediment.  Plotted  numbers  were  obtained  by  assigning  a ranking 
(1-5)  to  each  data  point  and  averaging  the  ranked  numbers  from  the 
same  areas.  This  ranked  averages  (1-5)  then  plotted.  Legend:  1-0- 
2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  16.  Nanagrmas  of  petrogenic  hydrocarbons  per  gram  dry  weight 
of  sediment.  Plotted  numbers  were  obtained  by  assigning  a ranking 
(1-5)  to  each  data  point  and  averaging  the  ranked  numbers  (1-5)  then 
plotted.  Legend:  1-0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  17.  Nanagrams  of  biogenic  hydrocarbons  per  gram  wee  weight 
of  sediment.  Plotted  numbers  were  obtained  by  assigning  a ranking 
(1-5)  to  each  data  point  and  averaging  the  ranked  numbers  from  the 
same  areas.  This  ranked  averages  (1-5)  then  plotted.  Legend:  1- 
0;  2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  18.  Nanagrams  of  biogenic  hydrocarbons  per  gram  dry  weight 
of  sediment.  Plotted  numbers  were  obtained  by  assigning  a ranking 
(1-5)  to  each  data  point  and  averaging  the  ranked  numbers  from  the 
same  areas.  This  ranked  averages  (1-5)  then  plotted.  Legend:  1*0; 
2-1-100;  3-101-200;  4-201-500;  5-501-9999. 
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Figure  19.  Nanagrams  of  petrogenic  hydrocarbons  per  gram  wet  weight 
of  sediment.  Plotted  numbers  (1-5)  are  catagorized  according  to  the 
average  of  the  logarithms  of  the  oil  concentrations.  Legend:  1-0.00; 
2-0.001-2.000;  3-2.004-2.301;  4-2.303-2.698;  5-  2.699. 
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Figure  20.  Nanagrams  of  petrogenic  hydrocarbons  per  gram  dry  weight 
of  sediment.  Plotted  numbers  (1-5)  are  catagorized  according  to  the 
average  of  the  logarithms  of  the  oil  concentrations.  Legend:  1-0.00 
2-0.001-2.000;  3-2.004-2.301;  4-2.303-2.698;  5- > 2.699. 
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Figure  21.  Nanagrams  of  biogenic  hydrocarbons  per  gram  wee  weight 
of  sediment.  Plotted  numbers  (1-5)  are  catagorized  according  to  the 
average  of  the  logarithms  of  the  oil  concentrations.  Legend:  1-0.00 
2-0.001-2.000;  3-2.004-2.301;  4-2.303-2.698;  5-  >2.699. 
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Figure  22.  Nanagrams  of  biogenic  hydrocarbons  per  gram  dry  weight 
of  sediment.  Plotted  numbers  (1-5)  are  catagorized  according  to  the 
average  of  the  logarithms  of  the  oil  concentrations.  Legend:  1-0.00 
2-0.001-2.000;  3-2.004-2.301;  4-2.303-2.698;  5- > 2.699. 


Table  2.  Statistical  comparison  of  the  sediment  hydrocarbon  levels  of  14  stations  in  the  immediate  vicinity  of 
Deep  Water  Port  site  1 during  each  of  4 cruises.  Measurements  were  made  at  403  and  274  and  reported 
on  a wet  and  dry  basis.  Those  sites  not  having  conroon  letters  differ  significantly  at  the  .05%  level. 
Comparisons  must  be  made  across  the  table,  not  down. 
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Table  3.  Statistical  comparison  of  the  sediment  hydrocarbon  levels  of  13  stations  in  the  immediate  vicinity  of 
Deep  Water  Port  site  2 during  each  of  4 cruises.  Measurements  were  made  at  403  and  274  and  reported 
on  a wet  and  dry  basis.  Those  sites  not  having  a common  letter  differ  significantly  at  the  .05%  level. 
Comparisons  must  be  made  across  the  table, not  down. 
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Table  5.  A contrast  between  the  sediment  hydrocarbon  levels  present  at  each  DWP  site  (1-3)  and  2 stations  on 

opposite  sides  of  each  station.  Measurements  made  at  403  and  274  and  reported  on  a dry  and  wet  weight 
basis.  Sites  not  having  a common  letter  differ  significantly  at  the  .05%  level.  Comparisons  must  be 
made  across  the  table,  not  down. 
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Table  6. 


A comparison  of  the  sediment  hydrocarbon  levels  of  samples  collected  at 
stations  other  than  the  Deep  Water  Port  sites.  Measurements  made  at  403 
and  274  and  reported  on  a wet  and  dry  basis.  Sites  not  having  a common 
letter  differ  significantly  at  the  .05%  level.  Comparisons  must  be  made 
down  the  table, not  across. 


Table  6.  (Cont'd) 
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Table  7.  A comparison  of  the  sediment  hydrocarbon  levels  at  each  sampling  station 
along  the  Gulf  of  Mexico  during  each  of  6 cruises.  Measurements  made  at 
403  and  274  and  reported  cn  a wet  and  dry  weight  basis.  Cruises  not 
followed  by  a common  letter  are  significantly  different  at  the  .05%  level. 

Comparisons  must  be  made  down  the  table, not  across. 
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Table  7.  (Cont’d) 
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Site  Cruise  Wet  403  Dry  403  Wet  274  Ory  274 


Table  8.  A comparison  of  [A]  the  difference  between  the  4 methods  of  reporting  used  to  obtain  the  hydrocarbon 
levels  at  the  3 Deep  Water  R>rt  sites  during  each  cruise  and  [B]  the  significant  difference  between 
the  levels  of  hydrocarbons  present  at  the  3 Deep  Water  Port  sites  from  cruise  to  cruise.  Methods 
and  cruises  not  followed  by  a common  letter  are  significant  at  .05%  level. 


r 


* 

* 

c 

o 

t/> 

s- 

<o 

CL 


01 

V) 

3 

s- 

o 

m 

CO 


o 

1/i 

•r- 

L. 

<o 

CL 

E 

O 

o 

o> 


o 

CL 

0) 

cc 


■o 

o 


0) 


CM 

Q 


CM 


0) 


CO 

o 


£ 

o 


CO 

o 


0) 


rv 

CM 

£ 

O 


rx. 

CM 


01 


CO 

o 


Q 


CO 

O 


<u 


u 

o 


o> 


to 


CO  00  CO 

<<<oooo  <<<eooooo 


o 

O CO  CO  o 

<<<00000  <<<0000 


o 

00  O 00 

< < oo  < < < o < co  < < < 


< < < < CO  < 


< < < < oo  < 


co  < oo  < < < 


< < co  < < < 


oo  co 

o < o < < < 


co  < oo  < < < 


< I <uou  <<<ooo  <<<ooo 


< i < oo  co  oo  <<<<coco  < < < co  co  co 


oo  o 

< '<_><<<  co<oco<<  <<o<<< 


* 

* 

* oo 

: i co  < < < < < 


l<<<  <<co<<< 


<— cm  r—  <m  m to  «—  cm  <*><■  »n  to 


vo 


VO 

I 

00 

CM 


CM 

I 

< 


o 

■o 


o 

c 


(/> 

</1 


o 

(O 


<D 

■o 


0) 

JO 


3 

5 

«/> 

c 

o 

«/> 

•r» 

S- 

CL 


o 

* 


3-11 


... .JHH 


**  Comparisons  should  be  made  down, not  across. 
'**  Indicates  no  data. 


Table  9.  A comparison  of  the  ratio  (274/403)  of  the  levels  of  hydro- 
carbons present  in  the  sediment  samples  obtained  from  3 deep 
water  port  sites  during  each  of  6 cruises  as  measured  using 
analyses  at  both  274  and  403  nm  and  reported  on  a dry  wgt. basis. 


Cruise 

Sites 

1 (H-6) 

2(8-6) 

3 (B-2 ) 

1 

0.00 

o.n 

0.62 

2 

0.00 

0.55 

0.00 

3 

0.18 

0.18 

0.14 

■ I 

4 

2.58 

1.35 

4.12 

5 

178.5 

15.40 

6.07 

6 

55.6 

2.7 

11.17 

Table  10.  A comparison  of  the  ratios  (dry/wet)  of  the  levels  of  hydro 
carbons  present  in  the  sediments  obtained  from  the  3 deep 
water  port  sites  during  each  of  6 cruises  as  measured  using 
excitation  at  403  nm  and  measuring  emission  at  418  nm. 
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Table  11.  Raw  data  collected  at  various  sampling  stations  along  the 
Gulf  of  Mexico  from  Galveston,  Texas  to  Pascagoula,  Missis 
slppl  during  6 cruises. 
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Table  11  cont 


6 2o2  H-o  10  Q 

o 2b3  H-o  10  9 

o 2(14  H-O  10  * 

o 2U?  H-o  10  ? 

o 2b o H-O  1 t ^ 

o 2ii7  h-o  11  1 

6 ili*  H-O  11  '* 

o 2u‘>  h-o  ll  *> 

o 200  ri-o  11  o 

6 241  H-o  12  * 

o 242  H-o  12  4 

o 203  H-o  12  4 

o 244  h-o  12  4 

o 29*'  H-o  12  9 

o 296  H-9  13  9 

o 247  h-o  13  9 

6 790  h-o  13  9 

o 249  h-o  13  9 

o 300  H-O  13  9 

o 301  n-o  1“  2 

u 302  H-o  14  9 

D 3 1)3  H-o  14  9 

o 304  H-6  14  9 

O 3ub  H-O  14  4 
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